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B .  Research  Accomplishments 

1 .  Organosilicon  Preceramic  Polymers 

a .  Polysilanes  Derived  From  Methyldichlorosilane 
The  sodium  condensation  of  CH3SiHCl2  yields 
relatively  low  molecular  materials  of  type  [ (CH^SiH) x  (CH^Si)  ] n 
in  which  the  (CH^Si)  units  represent  silicon  atoms  whose  H 
substituents  have  reacted  with  Na  (in  addition  to  the  Cl  sub¬ 
stituents)  .  (Hence  these  Si  atoms  are  cross-linking  sites) . 

Use  of  hexane/THF  as  solvent  gives  a  liquid  product  (xv0.8; 
y^0.2),  while  use  of  THF  as  solvent  gives  a  solid  (xv0.4; 

yvQ.6).  Neither  are  good  SiC  precursors.  The  former  gives  a 


low  (^20%)  ceramic  yield  on  pyrolysis.  The  ceramic  products 
from  both  contain  substantial  amounts  of  free  silicon  in 


addition  to  Sic.  Some  attempts  were  made  to  crosslink  the 
liquid  product  (photolysis;  chlorination  of  SiH  bonds  followed 
by  reaction  with  ammonia) ,  but  these  were  not  successful. 

b.  Base-Catalyzed  Reorganization  of  Liquid  [  (CH^- 


SiH)  (CH.Si)  ] 
- — x- - 3 — -y  n 


In  a  continuation  of  this  work,  it  was  found  that 


a  catalytic  quantity  of  CH^Li  (and,  later,  other  RLi )  caused  a 


bond  reorganization  of  still  unknown  type,  giving  a  solid  product 
whose  pyrolysis  gave  a  ceramic  yield  of  over  60%.  It  was  dis¬ 
covered  that  similar  "upgrading"  could  be  achieved  with  catalytic 
amounts  of  lithium  amides,  I^NLi ,  and  even  more  effectively,  with 
silylamides.  This  essentially  solved  the  ceramic  yield  problem, 
but  not  the  elemental  composition  problem. 

o.  Hybrid  Polymers  Based  on  [  (CH^SiH) ^ (CH^Si ) „] n 


and  [PhSiH] 


n 


Since  silylamides  were  effective  in  the  conversion 

of  [ (CH^SiH) x (CH^Si)  ] n  to  useful  preceramic  polymers,  we  carried 

out  similar  reactions  with  polymeric  silylamides  of  the  type 

l (CH-SiHNH)  (CH^SiN) .  (CH^SiHNK)  ]  which  we  had  developed 
3  a  3  d  3  cm  c 

earlier.  In  terms  of  silylamide  functions,  a  catalytic  quantity 
was  used,  but  on  a  weight  basis,  comparable  weights  of  the 
polysilane  and  polymeric  silylamide  were  used.  This  "hybrid 
polymer  approach"  solved  not  only  the  ceramic  yield  problem, 
but  also  the  elemental  composition  problem;  the  polysilane 


pyrolysis  gives  free  Si  in  addition  to  SiC;  the  polysilazane  pyro¬ 
lysis  gives  free  C  in  addition  to  SiC  and  Si^N^  so  the  Si  and  C 
can  be  balanced  by  reaction  stoichiometry. 

This  approach  was  applied  to  another  polysilane,  [PhSiH]^, 
obtained  by  Cp2TiMe2~catalyzed  decomposition  of  Pl^SiHj  (method 
of  Harrod  et  al) . 

d.  "Up-grading"  the  Yajima  Polycarbosilane 

The  Yajima  polycarbosilane,  which  is  the  basis 
of  the  commercial  Sic  ceramic  fibers,  gives  ceramic  yields 
of  ^55-60%  on  pyrolysis  of  the  uncured  polymer.  Since  the  main 
repeat  unit  of  this  polymer  is  [ CH^Si (H) CH2 1 ,  the  "hybrid 
polymer"  approach  is  applicable.  Reaction  of  the  Yajima  polycar¬ 
bosilane  with  the  polymeric  silylamides,  [ (CH^SiHNH)  (CH,SiN).- 

j  a  j  b 

CH^SiHNK) c] m,  gives,  after  quenching  with  a  reactive  electrophile, 
new  polymers  which  give  much  higher  ceramic  yields  (75-85%)  on 
pyrolysis . 

e .  Another  Method  of  "Upgrading"  Polysilanes 

The  polysilanes  which  we  had  studied  as  described 
above  all  contain  Si-H  bonds  which  should/ under  the  appropriate 
conditions,  add  to  C=C  bonds.  This  basic  reaction  was  used  as 
a  crosslinking  process  in  AIBN-catalyzed  reactions  of  [ (CH  SiH)  (CIU- 
Si)y]n,  of  [PhSiH]n  (  and  also  of  the  Yajima  polycarbosilane) 
with  various  poly (vinyl)  compounds.  Of  the  latter,  the  cyclosila- 
zane  ( (CH2=CH) CH^SiNHl ^  proved  to  be  particularly  effective  in  giving 
new  polymers  whose  pyrolysis  gave  very  markedly  enhanced  ceramic 
yields . 

2.  Highly-reactive  Elemental  Silicon 


In  our  previous  AFOSR  Grant  ( AFOSR-79-0007 )  we  had  initiated 


research  on  "highly  reactive  silicon"  as  prepared  from  CaSi2 
by  "reacting  away"  the  calcium.  This  work  turned  out  to  be 
totally  unproductive,  the  main  reason,  in  our  estimation, 
being  that  the  commercial  "CaS^"  is  grossly  impure.  In  various 
private  communications  I  have  since  heard  that  much  of  the 
published  work  on  this  subject  is  essentially  unreproducible . 
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9.  ABSTRACT  AND  OBJECTIVES  AND  ACCOMPLISHMENTS 

a.  The  sodium  condensation  of  CH_SiHCl2  has  been  studied. 

It  gives  products  of  type  [ (CH3SiH)  (CH3Si)H  which  are  not 
useful  precursors  for  Si-C.  x  J  ^  n 

b.  Base-catalyzed  reorganization  of  the  polysilanes  in 
(a)  gives  new  materials  whose  pyrolysis  gives  markedly  higher 
ceramic  yields. 

c.  Useful  preceramic  hybrid  polymers  are  obtained  by  the 
reaction  of  the  polysilanes  in  (a)  with  a  poly (silylamide) 

of  type  [ (CH3SiHNH)a(CH3SiN)b(CH3SiHNK)c]m 

d.  This  "hybrid  polymer  approach"  also  is  useful  in  up¬ 
grading  the  Yajima  polycarbosilane . 

e.  The  polysilanes  of  (a)  also  may  be  converted  to  useful 
preceramic  materials  by  reaction  with  poly (vinyl)  compounds, 
notably  cyclo- [ (CH_=CH) CH  SiNH] , . 
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